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One of the most consistent findings in autism spectrum disorder (ASD) research is a higher rate of ASD diagnosis in
males than females. Despite this, remarkably little research has focused on the reasons for this disparity. Better
understanding of this sex difference could lead to major advancements in the prevention or treatment of ASD in
both males and females. In October of 2014, Autism Speaks and the Autism Science Foundation co-organized a
meeting that brought together almost 60 clinicians, researchers, parents, and self-identified autistic individuals.
Discussion at the meeting is summarized here with recommendations on directions of future research endeavors.
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There has been effort in the last few years to gain atten-
tion into the effects of gender on autism prevalence and
symptomatology. While the 4:1 sex difference was once
the most replicated finding in autism, recent studies have
suggested that a number of biases may influence this ratio.
Autism Speaks and the Autism Science Foundation co-
sponsored a meeting to address basic questions relevant
to understanding sex differences in ASD. These questions
were identified in collaboration with a steering committee,
focusing on issues that could be addressed by scientific ex-
perimentation but including those dealing with issues
across the lifespan of importance to females with ASD [1].
They are listed by each topic header. A full meeting
agenda can be found as Additional file 1. These topics also
coincided with a recent thorough analysis of existing
knowledge and emerging themes in the literature [2]. The
authors recognize that there are more comprehensive re-
views of the existing literature on a broader range of* Correspondence: ahalladay@autismsciencefoundation.org
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creativecommons.org/publicdomain/zero/1.0/topics than has been described in this article. The goal of
this short report is to communicate the research priorities
highlighted through this meeting, which can inform fund-
ing priorities, scientific discoveries, and clinical practice.
Main text
Is there a true sex difference in ASD prevalence?
The frequently stated 4:1 ratio is based on an average
from multiple studies, both within the US and inter-
nationally [3-5]. A male preponderance is not unique
to ASD, however, as studies have reliably documented
greater prevalence of attention deficit/hyperactivity dis-
order [6] and other developmental conditions in males
compared to females [7]. Some variability in the ratio
can be attributed to differences in ascertainment proce-
dures, as the estimates range widely, from 2:1 to 7:1
[5,8,9]. The interaction with intellectual quotient (IQ)
also contributes to this variability, with a lower estimate
of sex bias observed in cohorts with a lower mean IQ
than in ‘high functioning’ cohorts with a higher IQ
[10,11]. This interaction with IQ may be compounded
by a lower mean IQ in the girls with ASD that are iden-
tified in scientific research studies compared to the
males [10,8], further exaggerating the sex bias. Finally,
there is evidence from studies following younger siblingsarticle distributed under the terms of the Creative Commons Attribution License
which permits unrestricted use, distribution, and reproduction in any medium,
. The Creative Commons Public Domain Dedication waiver (http://
) applies to the data made available in this article, unless otherwise stated.
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may lead to an overestimation of sex bias, especially in
the high functioning group [10,12]. Collectively, this evi-
dence suggests that at least some of the stated difference
in prevalence between males and females may be due to
diagnostic/ascertainment differences. Early and accur-
ate diagnosis was termed an ‘essential need’ by self-
advocates. Despite variability in ascertainment, a sex
difference in ASD prevalence remains with a magnitude
of at least 2:1–3:1, indicating that there is a biological
question of sexual dimorphism and ASD symptomatology
to be addressed [12-14].
What is causing the sex difference in ASD prevalence?
One theory, discussed at length at the meeting, proposes
that females with ASD are protected against some of the
symptoms of ASD (often called the ‘female protective ef-
fect’ or FPE) [15]. Under this theory, a higher rate of
ASD risk factors should be observed in the average af-
fected female compared to their affected male counter-
parts; these additional risk factors are required for the
female to surpass the higher clinical or diagnostic
threshold imparted by the FPE. The FPE has been attrib-
uted in other disorders with a strong sex bias, including
clubfoot [16]. In support of this theory in ASD, genetic
analyses of ASD cohorts have revealed a higher burden
of de novo copy number variations (CNVs) [17,18] and
de novo loss of function point mutations [19,20] in fe-
males with ASD than males with ASD. Furthermore,
inherited small CNVs are transmitted more frequently
from unaffected mothers than unaffected fathers [21].
Epidemiological studies can also address this FPE hy-
pothesis. Since affected females are hypothesized to have
a higher average burden of ASD risk factors, it follows
that, for inherited risk factors, the parents will also have
an increased average burden. This risk has the potential
to be transmitted to siblings, in turn increasing their
ASD burden, and consequently the rate of sibling ASD
recurrence. Therefore, under the FPE model, a higher
rate of ASD recurrence is expected in the siblings of af-
fected females than the siblings of affected males; this
expectation is often called the Carter Effect. The evi-
dence for such an effect is inconsistent in the ASD lit-
erature despite affected population sizes being in the
thousands. For ASD diagnosis, no such increase in sibling
recurrence rate is observed in the presence of an affected
female [9,22,23]. Conversely, considering families with a
child that scored highly for subclinical ASD traits, higher
scores are observed in siblings if the initial child was fe-
male rather than male [15].
How are females with ASD different than males with ASD?
While the literature has some disparities in identifying
clear differences between males and females with ASD,some clear themes have emerged. As mentioned previ-
ously, females with a clinical diagnosis of ASD tend to
be underrepresented at the higher ends of the IQ distri-
bution [8,24-26]. In addition, females with an ASD diag-
nosis and IQ scores within the average range show
increased functional social behavior compared to males
with ASD [27,28]. Females with ASD also show less re-
petitive behaviors compared to males [12,29], however a
stakeholder pointed out that the quality of these repeti-
tive behaviors may be different. For example, a young
woman with autism noted that carrying several well-
worn books everywhere she goes, and constantly reading
them to the detriment of all other social interactions,
may be a repetitive behavior that goes undetected. Clini-
cians noted that circumscribed interests around dolls or
babies in females might be misinterpreted as pretend
play. In the future, clinicians should be encouraged to
consider all behaviors/characteristics of females as a
whole and look for repetitive behaviors of any kind, even
seemingly benign ones. It is also important for clinicians
to obtain as much experience observing both males and
females with ASD, so that symptoms are correctly
identified.
These group level differences suggest that females may
be under diagnosed because of differing symptom pres-
entation. As suggested previously (for review see [30]),
males may show more of the behaviors that trigger a
clinical evaluation, such as hyperactivity and aggression.
If females with an ASD diagnosis and IQ scores above
70 are perceived by clinicians as being more social, their
presentation of symptoms may be misinterpreted and
accurate diagnosis may be delayed. In addition, it is pos-
sible that sex-specific characteristics in typically develop-
ing males and females may mask some of the core
deficits of ASD. Females with ASD and high IQ also
tend to have higher language ability, possibly reflecting
the sex difference in language in typically developing
males and females [28,31]. Other examples of sexually
dimorphic differences are memory, cognitive flexibility,
verbal fluency, and social-communication [12,28,32,33].
Adding on a layer of complication is differential expecta-
tions for females vs. males among parents and clinicians
with respect to social-communication and play behaviors
[34]. These factors clearly may impact prevalence num-
bers in males and females.
These inherent sex differences between males and fe-
males without ASD should be seen as different baselines
to draw comparisons. However, in the field of ASD re-
search, females without ASD are rarely compared to fe-
males with ASD, and the influence of being female is
not studied. Therefore, the M:F prevalence differences
may be inflated due to biological and sociological differ-
ences not specific to ASD. For example, this was re-
cently shown to be the case in the frequency of genetic
Halladay et al. Molecular Autism  (2015) 6:36 Page 3 of 5mutation [35]. Non-biological factors that may influence
diagnosis deserve a more thoughtful and comprehensive
discussion than time allowed at this meeting.
When do differences emerge in males and females with
ASD?
Although past research has also documented gender
differences in age at diagnosis [36-39]. The differ-
ences in symptoms in males and females are not ap-
parent in toddlerhood. Recently published data [13,40]
reported that toddler males and females with ASD do
not show any differences in behavioral features, sug-
gesting that the differences in symptoms do not show
up until later in development. Examining three year
olds with an older sibling with ASD reveals males are
overrepresented in clusters of three year olds with
symptoms [9,14]. For example, in non-diagnosed sib-
lings, differences in symptom presentation were seen
regardless of risk group, with males showing higher
ASD severity scores and lower verbal functioning [14],
indicating a protection of females to autism-related
deficits. It is important to note that social interaction
skills in males and females differ across development
[41], which may explain lack of presentation inTable 1 Comprehensive list of research priorities, challenges,
of research
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sexual dimotoddlers. In fact, recently, a retrospective parent inter-
view revealed qualitative differences in social behav-
iors and interests in both preschool males and females
with autism. This includes use of complex imitation
and circumscribed interests in things like dolls and
feathers, rather than parts of toys [42]. It is also pos-
sible that symptoms may not emerge until social pres-
sures change in adolescence. This issue emphasizes the
need to better study trajectories of development rather
than individual cross sectional studies. Specifically, lon-
gitudinal investigations will allow researchers to exam-
ine whether ASD symptoms emerge more quickly or
more gradually in males or females.What are the unique challenges to females with ASD as
they transition into adulthood?
The stakeholder community pointed out the gap in
understanding of factors that increase quality of life,
productivity, and the underlying factors impeding
those issues. They voiced that the only way to achieve
that is to spend a lot of time, in a variety of diverse sit-
uations, with people with ASD. This may include a
range of settings like naturalistic social situations andrecommendations, and implications of recommendations
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elines or recommendations for
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derstanding priorities of the ASD community. The
issue of employment was discussed at the meeting, as
it is an area that has been studied scientifically. Exist-
ing data are limited, but suggest that females with ASD
are able to obtain, but not maintain, employment or post-
secondary education [43]. The reasons are still being ex-
plored, but may include expectations by employers, other
staff, and the male bias in the type of skills offered in job
training. More data are needed on this topic and others,
including job coaching, and job training. Efforts in the US
and in Europe (www.autisminpink.net) are providing ser-
vices for females with ASD, but data on the effectiveness
of different services, treatments and training in females
needs to be gathered as well. There are remarkably few
studies on relationships of females with ASD (e.g., roman-
tic or sexual relationships) beyond relatively minimal
measures of friendship. However, scientific studies are
illustrating the need for gender specific strategies for
domains like social skills training [44].Conclusions
Accurate and early diagnosis of autism in both sexes is
essential, not only for understanding sex differences in
ASD, but also for providing appropriate resources and
services. Accurate diagnosis and identification of autism-
like features is also necessary for lifelong support of
women whose impairments may be traditionally under
recognized. These advancements will require further re-
search and scientific study. While not intended to be a
comprehensive list, research priorities, challenges rec-
ommendations and impact of these recommendations
that emerged from the discussion at the October meet-
ing are provided in Table 1.Additional file
Additional file 1: Meeting Agenda, Agenda including presenter
information for the Sex and Gender Differences in Autism meeting,
October 29, 2014.
Abbreviations
ASD: Autism spectrum disorder; CNV: Copy number variation; FPE: Female
protective effect; IQ: Intellectual quotient.
Competing interests
The authors state they have no financial or non-financial conflicts of interest
interests in the content of this manuscript.
Authors’ contributions
AH, AS and AD co-organized the meeting, planned the agenda and directed
the discussion. KK, KPe, and SS served as scientific advisors to meeting content.
SB, KPa, DM, SS, PS, JT prepared presentations, JC, KK and KP facilitated
discussion. All authors contributed to identifying gaps and providing insights
on scientific needs for future work. All authors read and approved the final
manuscript.Acknowledgements
The meeting was sponsored by the Autism Science Foundation and Autism
Speaks. The authors would also like to acknowledge Alice L. Clayton, PhD
from the Simons Foundation for her contributions to the organization of the
meeting.
Author details
1Autism Science Foundation, 28 W 39th Street #502, New York, NY 10018,
USA. 2Department of Pharmacology and Toxicology, Rutgers University, 41B
Gordon Road, Piscataway, 08854 New Brunswick, NJ, USA. 3Department of
Psychiatry, University of California San Francisco, 401 Parnassus Ave,
LangPorter, 94143 San Francisco, CA, USA. 4William Greenleaf Eliot Division of
Child Psychiatry, Washington University School of Medicine, 660 South Euclid
Avenue, Campus Box 8134, 63110 St. Louis, MO, USA. 5Autism Speaks, 1 E
33rd St 4th Floor, New York, NY 10016, USA. 6Initiative for Girls and Women
with Autism Spectrum Disorders, Yale Child Study Center, PO Box 207900230
South Frontage Road, New Haven, CT 06520-7900, USA. 7Global and Regional
Asperger, Syndrome Partnership, Inc., 419 Lafayette Street, New York, NY
10003, USA. 8Department of Psychology and Pediatrics, University of Miami,
Flipse Building, P.O. Box 249229, Coral Gables, FL 33124-0751, USA. 9Child
Neuroscience Laboratory, Yale Child Study Center, PO Box 207900 230 South
Frontage Road, New Haven, CT 06520-7900, USA. 10UCSF School of Medicine,
Psychiatry, 1550 4th St Bldg 19B, San Francisco, CA 94158, USA. 11Pediatrics
and Special Education, Vanderbilt Kennedy Center Investigator, PMB 40-230
Appleton Pl., Nashville, TN 37203, USA. 12The Hospital for Sick Children and
Centre for Addiction and Mental Health, Centre for Addiction and Mental
Health, University of Toronto, 1001 Queen Street West, Toronto, ON M6J 1H4,
Canada. 13Division of Child and Adolescent Psychiatry, Centre for Addiction
and Mental Health, University of Toronto, 1001 Queen Street West, Toronto,
ON M6J 1H4, Canada.
Received: 31 December 2014 Accepted: 7 April 2015
References
1. Clayton JA, Collins FS. Policy: NIH to balance sex in cell and animal studies.
Nature. 2014;509:282–3.
2. Lai MC, Lombardo, M.V, Auyeung, B., Bhismadev, C and Baron-Cohen, S.:
Sex/Gender Differences and Autism: Setting the Scene for Future Research.
Journal of the American Academy of Child & Adolescent Psychiatry 2014, in
press.
3. Fombonne E. Epidemiology of pervasive developmental disorders. Pediatr
Res. 2009;65:591–8.
4. Werling DM, Geschwind DH. Understanding sex bias in autism spectrum
disorder. Proc Natl Acad Sci U S A. 2013;110:4868–9.
5. Idring S, Lundberg M, Sturm H, Dalman C, Gumpert C, Rai D, Lee BK,
Magnusson C: Changes in Prevalence of Autism Spectrum Disorders in
2001–2011: Findings from the Stockholm Youth Cohort. Journal of autism
and developmental disorders 2014, epub ahead of print. PMID: 25475364
6. Willcutt EG. The prevalence of DSM-IV attention-deficit/hyperactivity disorder:
a meta-analytic review. Neurotherapeutics. 2012;9:490–9.
7. Pinborough-Zimmerman J, Satterfield R, Miller J, Bilder D, Hossain S,
McMahon W. Communication disorders: prevalence and comorbid
intellectual disability, autism, and emotional/behavioral disorders. Am
J Speech Lang Pathol / Am Speech Lang Hear Assoc. 2007;16:359–67.
8. Frazier TW, Georgiades S, Bishop SL, Hardan AY. Behavioral and cognitive
characteristics of females and males with autism in the Simons Simplex
Collection. J Am Acad Child Adolesc Psychiatry. 2014;53:329–40.
9. Ozonoff S, Young GS, Carter A, Messinger D, Yirmiya N, Zwaigenbaum L,
et al. Recurrence risk for autism spectrum disorders: a Baby Siblings
Research Consortium study. Pediatrics. 2011;128:e488–95.
10. Autism, Developmental Disabilities Monitoring Network Surveillance Year
Principal I, Centers for Disease C, Prevention. Prevalence of autism spectrum
disorders–Autism and Developmental Disabilities Monitoring Network, 14
sites, United States, 2008. Morb Mortal Wkly Rep Surveill Summ. 2012;61:1–19.
11. Sullivan M, Finelli J, Marvin A, Garrett-Mayer E, Bauman M, Landa R. Re-
sponse to joint attention in toddlers at risk for autism spectrum disorder:
a prospective study. J Autism Dev Disord. 2007;37:37–48.
12. Zwaigenbaum L, Bryson SE, Szatmari P, Brian J, Smith IM, Roberts W, et al.
Sex differences in children with autism spectrum disorder identified within
a high-risk infant cohort. J Autism Dev Disord. 2012;42:2585–96.
Halladay et al. Molecular Autism  (2015) 6:36 Page 5 of 513. Reinhardt VP, Wetherby AM, Schatschneider C, Lord C: Examination of Sex
Differences in a Large Sample of Young Children with Autism Spectrum
Disorder and Typical Development. Journal of autism and developmental
disorders 2014;45(3):697–706.
14. Messinger D, Young GS, Ozonoff S, Dobkins K, Carter A, Zwaigenbaum L,
et al. Beyond autism: a baby siblings research consortium study of high-risk
children at three years of age. J Am Acad Child Adolesc Psychiatry.
2013;52:300–8.
15. Robinson EB, Lichtenstein P, Anckarsater H, Happe F, Ronald A. Examining
and interpreting the female protective effect against autistic behavior. Proc
Natl Acad Sci U S A. 2013;110:5258–62.
16. Kruse LM, Dobbs MB, Gurnett CA. Polygenic threshold model with sex
dimorphism in clubfoot inheritance: the Carter effect. J Bone Joint Surg Am.
2008;90:2688–94.
17. Sanders SJ, Ercan-Sencicek AG, Hus V, Luo R, Murtha MT, Moreno-De-Luca
D, et al. Multiple recurrent de novo CNVs, including duplications of the
7q11.23 Williams syndrome region, are strongly associated with autism.
Neuron. 2011;70:863–85.
18. Jacquemont S, Coe BP, Hersch M, Duyzend MH, Krumm N, Bergmann S,
et al. A higher mutational burden in females supports a “female protective
model” in neurodevelopmental disorders. Am J Hum Genet. 2014;94:415–25.
19. Iossifov I, O’Roak BJ, Sanders SJ, Ronemus M, Krumm N, Levy D, et al. The
contribution of de novo coding mutations to autism spectrum disorder.
Nature. 2014;515:216–21.
20. Poultney CS, Samocha K, Kou Y, Liu L, Walker S, Singh T, et al. Synaptic,
transcriptional and chromatin genes disrupted in autism. Nature.
2014;515:209–15.
21. Krumm N, O’Roak BJ, Karakoc E, Mohajeri K, Nelson B, Vives L, et al.
Transmission disequilibrium of small CNVs in simplex autism. Am J Hum
Genet. 2013;93:595–606.
22. Sandin S, Lichtenstein P, Kuja-Halkola R, Larsson H, Hultman CM, Reichenberg
A. The familial risk of autism. JAMA. 2014;311:1770–7.
23. Gronborg TK, Schendel DE, Parner ET. Recurrence of autism spectrum
disorders in full- and half-siblings and trends over time: a population-based
cohort study. JAMA pediatrics. 2013;167:947–53.
24. Volkmar FR, Szatmari P, Sparrow SS. Sex differences in pervasive
developmental disorders. J Autism Dev Disord. 1993;23:579–91.
25. Gamsiz ED, Viscidi EW, Frederick AM, Nagpal S, Sanders SJ, Murtha MT, et al.
Intellectual disability is associated with increased runs of homozygosity in
simplex autism. Am J Hum Genet. 2013;93:103–9.
26. Lai MC, Lombardo MV, Ruigrok AN, Chakrabarti B, Wheelwright SJ, Auyeung
B, et al. Cognition in males and females with autism: similarities and
differences. PLoS One. 2012;7:e47198.
27. Head AM, McGillivray JA, Stokes MA. Gender differences in emotionality and
sociability in children with autism spectrum disorders. Mol Autism.
2014;5:19.
28. Lai MC, Lombardo MV, Pasco G, Ruigrok AN, Wheelwright SJ, Sadek SA,
et al. A behavioral comparison of male and female adults with high
functioning autism spectrum conditions. PLoS One. 2011;6:e20835.
29. Mandy W, Chilvers R, Chowdhury U, Salter G, Seigal A, Skuse D. Sex
differences in autism spectrum disorder: evidence from a large sample of
children and adolescents. J Autism Dev Disord. 2012;42:1304–13.
30. Rivet TT, Matson JL. Review of gender differences in core symptomatology
in autism spectrum disorders. Res ASD. 2011;5:957–76.
31. Eriksson M, Marschik PB, Tulviste T, Almgren M, Perez Pereira M, Wehberg S,
et al. Differences between girls and boys in emerging language skills:
evidence from 10 language communities. Br J Dev Psychol. 2012;30:326–43.
32. Goddard L, Dritschel B, Howlin P. A preliminary study of gender differences
in autobiographical memory in children with an autism spectrum disorder.
J Autism Dev Disord. 2014;44:2087–95.
33. Memari AH, Ziaee V, Shayestehfar M, Ghanouni P, Mansournia MA,
Moshayedi P. Cognitive flexibility impairments in children with autism
spectrum disorders: links to age, gender and child outcomes. Res Dev
Disabil. 2013;34:3218–25.
34. Goldman S. Opinion: Sex, Gender and the Diagnosis of Autism - A Biosocial
View of the Male Preponderance. Res ASD. 2013;7:675–9.
35. Desachy G, Croen LA, Torres AR, Kharrazi M, Delorenze GN, Windham GC,
Yoshida CK, Weiss LA: Increased female autosomal burden of rare copy
number variants in human populations and in autism families. Molecular
psychiatry 2015;20(2):170-175.36. Goin-Kochel RP, Mackintosh VH, Myers BJ. How many doctors does it take
to make an autism spectrum diagnosis? Autism. 2006;10:439–51.
37. Shattuck PT, Durkin M, Maenner M, Newschaffer C, Mandell DS, Wiggins L,
et al. Timing of identification among children with an autism spectrum
disorder: findings from a population-based surveillance study. J Am Acad
Child Adolesc Psychiatry. 2009;48:474–83.
38. Wiggins LD, Baio J, Rice C. Examination of the time between first evaluation
and first autism spectrum diagnosis in a population-based sample. JDBP.
2006;27:S79–87.
39. Yeargin-Allsopp M, Rice C, Karapurkar T, Doernberg N, Boyle C, Murphy C.
Prevalence of autism in a US metropolitan area. JAMA. 2003;289:49–55.
40. Postorino V, Fatta LM, De Peppo L, Giovagnoli G, Armando M, Vicari S,
Mazzone L: Longitudinal comparison between male and female preschool
children with autism spectrum disorder. Journal of autism and
developmental disorders 2015, epub ahead of print. PMID: 25633919.
41. Rose AJ, Rudolph KD. A review of sex differences in peer relationship processes:
potential trade-offs for the emotional and behavioral development of girls and
boys. Psychol Bull. 2006;132:98–131.
42. Hiller RM, Young RL, Weber N: Sex differences in pre-diagnosis concerns for
children later diagnosed with autism spectrum disorder. Autism : the international
journal of research and practice 2015, epub ahead of print, PMID: 25717130.
43. Taylor JL, Mailick MR. A longitudinal examination of 10-year change in
vocational and educational activities for adults with autism spectrum
disorders. Dev Psychol. 2014;50:699–708.
44. Dean M, Kasari C, Shih W, Frankel F, Whitney R, Landa R, et al. The peer
relationships of girls with ASD at school: comparison to boys and girls
with and without ASD. J Child Psychol Psychiatry. 2014;55:1218–25.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
